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Abstract. In this paper, we propose a collective Thomson scattering diagnostic
for fast ion measurements for the gas-dynamic trap (GDT) facility at the Budker
Institute. The diagnostic utilizes 54.5 GHz gyrotron usually used for electron
cyclotron resonance heating as a source of probe radiation and is aimed at
reconstruction of distributions over transverse and longitudinal velocities of NBI-
driven ions in the plasma core. Here we present a feasibility study of this concept
showing a possibility to receive a strong CTS signal of hundreds eVs for a wide
range of GDT parameters. The main limitations come from the refraction of
the probe and scattered radiation propagating in inhomogeneous plasma: to
provide well-resolved CTS conditions the on-axis plasma density should be kept
less than 1.5 · 1013 cm−3 while usual GDT discharges correspond to the density
of (0.9 − 1.3) · 1013 cm−3.
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1. Introduction
The use of microwave radiation for probing the ion
velocity distribution with good spatial and temporal
resolution has proven its capability for hot plasma
confined in toroidal magnetic traps [1]. Information
about ion dynamics is recovered from the scattering of
electromagnetic waves on the collective fluctuations of
plasma density and, potentially, magnetic field; such
process is shortly referred as a collective Thomson
scattering (CTS). Along with optical methods, such
as spectroscopy of neutrons and gamma-quanta, the
millimeter-wave CTS is one of the main ways of
diagnosing the distribution function of fast ions
in tokamaks [2]. The possibilities of CTS were
demonstrated experimentally at TFTR [3], JET
[4], TEXTOR [5, 6], ASDEX-U [7, 8] tokamaks for
diagnosing the distribution function of fast ions, at
W7-AS stellarator for diagnosing the temperature of
thermal ions and the lower hybrid plasma instability
[9–11], at LHD stellarator for measurement of both
fast and thermal ions [12, 13], and, most recently,
at the newest W7-X stellarator for diagnosing the
temperature of thermal ions [14, 15]. CTS is
considered as a main method for detecting the fusion
alpha particles in ITER [16, 17]. Another fruitfully
developing direction is active microwave diagnostics
of small-scale plasma turbulence by measuring the
scattering spectra on turbulent density fluctuations
[18–21].
Based on this experience, it seems to be very
attractive to exploit the same technique for measuring
ion distributions in large open magnetic traps used
in magnetic fusion research. Some of devices are
already equipped with high-power ECRH systems that
may be used a source of probe radiation for the CTS
diagnostics [22, 23]. The bulk plasma parameters in
the most advanced traps are comparable to those of
toroidal machines [24], while the population of fast
ions and their influence on the performance are usually
much greater in open traps than in tokamaks and
stellarators. However, microwave CTS diagnostic has
not been realized for open traps. A close ideology
based on CTS with a CO2-laser as a probing source
was planned to be installed at the GAMMA-10 tandem
trap for measuring the ion temperature as part of
testing the diagnostic system developed for the LHD
stellarator [25]; however, as far as authors know, these
experiments did not receive further development.
In this paper we report on the project of the
CTS diagnostic for the running experiment at the gas-
dynamic trap (GDT) facility at the Budker Institute.
2. Why we need CTS diagnostic at GDT
GDT is a fully axisymmetric linear magnetic device
aimed at nuclear fusion applications [26]. The main
part of GDT is 7 m-long central solenoid which is
limited by high-field magnetic mirror coils; plasma
absorbing end-plates are placed sufficiently far from
the magnetic mirrors in a region with expanded
magnetic field lines, see figure 1. The plasma heating
system consists of eight neutral beam injectors (NBI)
providing up to 5 MW of a total injected power and two
400 kW/54.5 GHz gyrotrons for the electron cyclotron
resonance heating (ECRH). Combined ECRH and
NBI heating allows reaching record plasma parameters
for large open traps [23, 24, 27–29]. Demonstrated
significant progress in the confinement time of fast
ions and in the neutron yield (up to 80%) due to the
selective deposition of ECRH power into the electron
component of the plasma have led to a noticeable
revision of the prospects for using axially symmetric
traps as a high-power source of fusion neutrons [30].
In combination with a number of new theoretical ideas,
progress in the field of confinement of hot plasma in a
gas-dynamic trap led to a discussion of the possibilities
of a fusion power reactor based on the open trap
concept [31–33].
In the standard regime of operation, GDT plasma
consists of two components. First one is the bulk
plasma serving as a target for NBI. This component
is confined in the gas-dynamic regime and has an
isotropic equilibrium velocity distribution due to a high
collision frequency. The second plasma component
consists of fast ions produced as a result of oblique
injection of hydrogen or deuterium atomic beams into
the bulk plasma. The fast ions are confined in the
adiabatic regime which means that their movement
is governed by conservation of energy and magnetic
moment (an adiabatic invariant). As a result, they
are bouncing in a region between two turning points
defined by the effective mirror ratio R = 2. The
energy confinement time of fast ions is determined
by the electron-ion collisions, namely, by the electron
drag force; this time turns out to be much less than
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Figure 1. Schematic of the GDT.
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the angular scattering time. Due to this fact, the
fast ions have a strongly non-Maxwellian anisotropic
velocity distribution with a relatively small angular
spread. Since the distribution function of fast ions is
anisotropic in pitch angles, their density is strongly
(up to 3 times) peaked near the turning points, what
provides favorable conditions for fusion D-D and D-
T reactions in subcritical plasma. Thus, the fast ion
distribution over pitch angles becomes the main factor
determining fusion efficiency, e.g., the neutron yield
and the locality of a neutron source [34].
The ECRH suppresses the main channel of the
fast ion loss (collisions with thermal electrons) and
changes the anisotropy of the distribution function of
fast ions. In this case, the problem of measuring the
energy and pitch angle distribution function of fast
ions becomes one of the primary ones. In particular,
a direct measurement of the distribution function is
necessary to clarify existing ideas about the adiabatic
nature of fast ion confinement, about the influence
on their distribution function of MHD instabilities,
electromagnetic instabilities in the ion-cyclotron range,
a radial electric field and Coulomb collisions in the
new (just achieved for open traps) range of plasma
parameters. The strategy of optimizing the GDT
operation depends on solving these issues.
The CTS diagnostic with one of the ECRH
gyrotrons used as a source of probe radiation seems
to be a suitable tool to fulfill this demand.
Previously, the distribution of fast ions in the
GDT plasma was investigated with a charge-exchange
(CX) of a diagnostic neutral hydrogen beam [34,
35]. The 12-channel CX analyzer provided energy
resolution of 0.4–1.3 keV and narrow angular resolution
below 1◦ in the angular range of 32◦-47◦. The angle in
such a system corresponds to the direction of detected
ion velocity. Using CX diagnostics, it was possible
to measure the time dependence of the distribution
function of fast ions in the range of 3–18 keV. However,
at each shot, CX energy spectra provide information on
the ion distribution in a narrow range of pitch angles.
Due to technical complexity, this method can not be
used as a regular diagnosis.
3. CTS geometry
CTS is scattering of electromagnetic waves on plasma
density fluctuations. A principle of CTS is sketched
in figure 2. The measurements are done using a probe
beam with the wave vector ki and angular frequency
ωi, which is scattered in the plasma on fluctuations
with (k, ω), and a receiving beam with the wave vector
ks and frequency ωs. Three-wave synchronism implies
k = ks − ki, ω = ωs − ωi. (1)
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Figure 2. A sketch illustrating a principle of CTS: ki
and ks are the wave vectors of the incident and the received
scattered waves, respectively. The fluctuations are measured
along k = ks − ki. The detected fluctuations are collective
if kλD < 1.
Salpeter showed that if kλD < 1, where λD is the
Debye length, the spectrum of the scattering radiation
inherits signatures of collective plasma effects [36].
The CTS diagnostic measures a spectrum of
scattered microwaves. Let P s and P i be the scattered
and incident power. The received spectral power
density is then given by [37]
dP s
dω
= P i λiλsr2eneObG
S(k, ω)
2pi
, (2)
where re is the classical electron radius, λ
i,s =
2pic/ωi,s are the incident and scattered wavelengths,
ne is the electron density, Ob =
∫
IiIs dV is the
beam overlap defined as the volume integral of the
normalized incident and scattered beam intensities, G
is the geometrical form factor defined by polarization
of the incident and scattered radiation, and S(k, ω) is
the spectral density of plasma fluctuations [38, 39]. In
the next sections, we will discuss each of these factors,
Ob, G and S, in more detail.
The spectral density of fluctuations consists of two
additive parts, S = St + Sf , where St and Sf are,
respectively, contributions of a thermal bulk plasma
and fast ions. In GDT, fast ions can be treated as non-
magnetized when calculating the CTS spectra. Then
its contribution is proportional to one-dimensional
distribution function along the direction of resolved
plasma fluctuations:
Sf ∝ F (ω/k), F (u) =
∫
f(v) δ(u− kv/k) d3v, (3)
where f(v) is a local distribution of fast ions in
a three-dimensional velocity space calculated inside
the scattering volume. The energy of fast ions
is much higher than those of the bulk particles,
so fast ions would contribute to the scattering at
higher frequencies than thermal ions. In the next
sections we will show that there is a frequency domain
with Sf  St favorable for diagnosing the fast ion
distribution function. Although recovering of full
distribution function f(v) by combining F (u) along
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several different lines of sight is, in principle, possible
[40, 41], we do not consider such an option in the
current GDT project. Thus, the one-dimensional
distribution F (u) is an ultimate result of the CTS
diagnostic considered in the present paper.
Nevertheless, to have a key to actual distributions
of fast ions over perpendicular and longitudinal
velocities (with respect to an external magnetic field
B) we consider two complimentary CTS geometries
in which the wave vector k = ks − ki is aligned
approximately along and across B. Figure 3 illustrates
the result of adjusting this idea to actual ports available
at GDT and of further optimization described in
the next sections. The probe gyrotron radiation is
launched from the top of a vacuum chamber. The
scattered signal is received either from the top or
from the bottom. The first case characterized by
approximately (ksI − ki) ⊥ B, thus resolves the fast
ion distribution over perpendicular velocities. The
second case characterized by approximately (ksII −
ki) || B, thus resolves the fast ion distribution over
longitudinal velocities. Both geometries correspond
to the scattering volume in a central part of the
trap occupied by the fast ions. To improve coupling,
the probe and receiving ports are shifted by 30◦ in
azimuthal direction. Characteristics of the proposed
scheme are listed in Table 1. The CTS diagnostics
implies some limitations on the bulk plasma density.
For both CTS schemes, the on-axis density must be
less than 1.5·1013 cm−3 for the reliable operation at the
O mode (see below). This is not a critical restriction
since the normal on-axis density at GDT lies in the
range of 0.9− 1.3 · 1013 cm−3.
4. CTS spectrum
In GDT conditions, a frequency spectrum of the
CTS signal is determined by the spectral density of
fluctuations S; all other terms in (2) are slowly varying
functions of frequency in a detection band.
For the contribution of bulk plasma we assume
isotropic Maxwellian distributions for both electrons
and ions. Then the expression for the spectral density
Table 1. Characteristics of GDT CTS (preliminary design).
CTS I (top) CTS II (bot.)
Scattering angle ∠(ks,ki) 65◦–87◦ 93◦–110◦
Angle ∠(k,B), k=ks−ki 87◦–93◦ 7◦–16◦
Parallel wavevector k|| −0.5–0.5 cm−1 12–15 cm−1
Transverse wavevector k⊥ 11–14 cm−1 2–3.5 cm−1
Scattering volume VCTS 900 cm
3 900 cm3
Radial position of VCTS 5–10 cm 0–5 cm
Axial position of VCTS −5–5 cm −5–5 cm
Radial size of VCTS 4 cm 4 cm
Figure 3. CTS geometry for the GDT setup: ki denotes
the incident gyrotron beam, ksI denotes the received CTS beam
sensitive to fast ion distribution over perpendicular velocities,
ksII denotes the received CTS beam sensitive to the distribution
over longitudinal velocities.
function for a magnetized plasma, in the electrostatic
approximation, is given by [38]
St =
k2v2e
ωω2pe
{∣∣∣∣1− Hel
∣∣∣∣2 ImHe + TeTi
∣∣∣∣Hel
∣∣∣∣2 ImHi
}
, (4)
where l is the longitudinal dielectric constant, Hα
denotes the electron (α = e) and the ion (α = i)
susceptibilities,
Hα =
2ω2pα
k2v2α
× (5)
×
+∞∑
l=−∞
e−k
2
⊥ρ
2
αIl(k
2
⊥ρ
2
α)
(
1 +
ω
k||vα
Z
(
ω − lωcα
k||vα
))
,
ωpα = (4pie
2nα/mα)
1/2 and ωcα denote the electron
and ion plasma and cyclotron frequencies, respectively,
nα are electron and ion densities, vα =
√
2Tα/mα
are the electron and ion thermal velocities, ρα =
vα/ωcα denote the Larmor radii; the parallel and the
perpendicular wave vectors are defined with respect to
the direction of the magnetic field; Il are the modified
Bessel function of the first kind, and Z is the standard
plasma dispersion function. Below we always assume
pure hydrogen or deuterium plasma, so all ions are
singly ionized and ne = ni. We neglect impurities since
(a) little is known about impurities at GDT, and (b)
their contribution to CTS spectra is much more narrow
than the expected contribution of fast ions which is
our final target. In GDT conditions, fast ions can be
treated as non-magnetized. This essentially simplifies
calculation of its contribution to the scattering function
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Figure 4. Contour plots of fast ion distribution function f(v⊥, v||) for different positions along the trap axis labeled with the
mirror ratios R = B(z)/Bmin. Maximum velocity in the plot range correspond to 30 keV. Results obtained with DOL code with
parameters typical of GDT experiment with pure NBI heating (no ECRH): NBI energy 25 keV, NBI launching angle 45◦ to trap
axis, Bmin = 0.35 T, Te = Ti = 180 eV, ne = 10.6 · 1012 cm−3, ni = 8 · 1012 cm−3, nf = 2.6 · 1012 cm−3 at R = 1. Note that these
distributions are far from being stationary; calculations stop at time of 4.2 ms just before the real NBI switch-off.
and the dielectric constant. Then one obtains
Sf =
2pi
k
nf
ne
∣∣∣∣Hel
∣∣∣∣2 F (ω/k) (6)
and l = 1 +He +Hi +Gf with
Gf =
4pie2nf
mik
∫
dF
du
du
ω − ku+ i0 . (7)
Here we assume a unit norm for the distribution
function,
∫
Fdu = 1, nf is a volumetric density of
fast ions inside the scattering zone, and i0 denotes the
Landau bypass rule for e−iωt processes. The term Gf ,
i.e. the contribution of fast ions to the plasma shielding,
is always small in the frequency range important for the
CTS diagnostic (including range where Sf  St).
In this paper we perform forward CTS modeling,
i.e., we calculate the scattering function for a given
distribution function. The fast ion distribution
function is calculated with the bounce-averaged
Fokker–Planck code DOL, a nonstationary model
intended to describe kinetic plasma processes in
axisymmetric magnetic mirror traps [42]. The output
of the code is two-dimensional (axially symmetric in
a velocity space) distribution f(v⊥, v||) of collisionally
slowed-down NBI-born ions at the magnetic field
minimum (corresponded to the trap center). Using
invariants of collisionless ion motion along a magnetic
field line, v2⊥/B and v
2
⊥ + v
2
||, we map the distribution
function to other positions along the trap axis. The
distribution function is normalized over fast ion density
as
nf =
∫
f(v⊥, v||) 2piv⊥dv⊥ dv||. (8)
An example relevant to actual GTD experiments is
shown in figure 4. Corresponding density of fast ions
along the trap axis is plotted figure 5. One can see
that maximum density is reached near the mirror ratio
1.0 1.5 2.0 2.5 3.0 3.5 4.0
0.0
0.5
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Figure 5. Distribution of fast ion density along the trap axis.
Density is normalized over its value in the trap center, plasma
conditions are the same as in figure 4. Colored points indicate
cases shown in figure 7.
R = 2 which corresponds to the turning point of an
ion born with the 45◦ pitch-angle at the trap center.
In physical space this point is about 1.8 m far from the
center.
Then we calculate the scattering function S(k, ω)
using one-dimensional distributions of fast ions ob-
tained as numerical integrals,
F (u) =
∫
f(v⊥, v||) ×
× δ
(
u− k||v|| + k⊥v⊥ cosφ
k
)
v⊥dv⊥ dv|| dφ. (9)
The results for the CTS geometries I (sensitive
to perpendicular velocities) and II (sensitive to
longitudinal velocities) are presented in figures 6 and
7. Figure 6 allows comparing different channels of
the scattering. One see that the fast ions are totally
dominating in the CTS spectrum in the frequency
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Figure 6. Logarithmic plot of scattering function S(k, ω) for fast ion distribution at the trap center (black curve). Colored curves
show deposition of thermal ions (blue) and electrons (red). Plasma conditions described in figure 4. .
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Figure 7. Scattering function S(k, ω) for fast ion distributions shown in figure 4: black for R = 1, blue for R = 1.5, red for R = 2
and green for R = 3 (colors correspond to points shown in figure 5).
range of 100–300 MHz. For anisotropic fast ions, the
signals of CTS I and II are rather different, while the
thermal component results in more or less the same
signal in both cases. This is a natural consequence of
two facts: the scattering angle is similar in both cases
and the magnetic field effect on CTS are weak in our
geometry. Some oscillations of CTS I spectrum are due
to limitations of our numerical model.
Figure 7 illustrates sensitivity of the CTS
spectrum to the shape of the distribution function—
different colors correspond to the different positions of
the scattering volume along the trap axis (labeled by
points with the same colors in figure 5). According
to (6), the CTS signal follows the shape of one-
dimensional distribution function F (ω/k) in the
frequency domain |ω| & 100 MHz where the
contribution of thermal plasma is small.
5. CTS resolution
In this section we investigate the CTS geometry,
namely the beam overlap Ob and the polarization form
factor G in (2).
To estimate the influence of radiation refraction
in inhomogeneous plasma, we use the ray-tracing code
previously developed for the ECRH modeling in GDT
[43]. Some results are illustrated in figure 8. The
ray-tracing treats independently the O and X modes
propagating in the magnetized plasma. Top plots show
how the refraction increases with the plasma density:
the same ray is launched at a fixed angle for a set
of congruent density profiles. One see that plasma
cutoffs implies rather strong limitations on operational
plasma density: it should be below ≈ 1013 cm−3
(on-axis) to avoid the X-mode cutoff and below ≈
1.5 · 1013 cm−3 to avoid the O-mode cutoff. Based
on similar considerations and after checking through
all typical GDT conditions, we conclude that O-mode
is the only acceptable option for the reliable CTS
diagnostic.
The incident and scattered microwave beams are
modeled as a sum over a three-dimensional set of
rays with wave intensities, Ii and Is, distributed
according to the antenna pattern. The intensity along
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Figure 8. Results of ray-tracing. Top plots: refraction of O and X mode rays as on-axis plasma density varies from (a)
0.8 ·1013 cm−3 to (b) 1.5 ·1013 cm−3. Bottom plots: axial cross-section of CTS I and II scattering geometry for the O-mode. Plasma
density and temperature profiles correspond to pure NBI discharges in GDT and similar to those reported in [44].
each ray can be calculated from the trivial radiation
transfer equation with no losses, d(I| cos δ|/N2)/dl =
0, where N is a refractive index, δ is an angle between
the group velocity ∂ω/∂k and the wave vector, and
l is a coordinate along the ray. Bottom plots in
figure 8 shows two-dimensional cuts of two crossing
three-dimensional beams. Initial conditions for these
beams are set with taking into account restrictions
of physical ports at GDT. In particular, we find that
on-axis position of the scattering volume is possible
only for the CTS II geometry. By iterating of
such calculations for different options available at
GDT, we find the restrictions on parameters listed
in Table 1. It is interesting to note, that the beam
overlapping, calculated as a three-dimensional integral,
is practically constant, Ob =
∫
IiIs dV ≈ 0.2 cm−1,
for all cases of interest. The characteristic size of the
scattering volume is about 4 cm what makes 10% of
the actual plasma radius in the central cross-section.
The geometrical form factor is given by the
following expression [45]:
Gµν = (10)
=
(
ωsωi
ω2pe
)2 NsνN iµ|es∗ν · (Iˆ − ˆi) · eiµ|2
(es∗ν · ˆs · esν)(ei∗µ · ˆi · eiµ)
cos δsν cos δ
i
µ,
where the subscripts ν and µ specify the wave mode
(O or X), the superscripts refer to the incident or
scattered waves (i or s), e denotes the polarization
vector, N and ˆ are the cold plasma dielectric tensor
and corresponding refractive index, respectively. The
results of calculating G are presented in figure 9. Note
that using of the O–O scattering would reduce the
CTS signal by a factor of 2–5 compared to the most
strong X–X scattering; however this is a reasonable
pay for the reduced role of refraction when using the O
wave polarization. Black curves correspond to a planar
scattering geometry when ki, ki and B lie in the same
plane. To improve coupling in the O–O case, one of the
ports (probe or receiving) may be rotated in the plane
transverse to the trap axis. Red curves in the figure 9
show the case when the probe and receiving ports are
shifted by 30◦ in azimuthal direction. One can see that
this trick, physically possible at GDT, may moderately
improve the O–O coupling.
Collective Thomson scattering diagnostic for the GDT experiment 8
30 40 50 60 70
0.0
0.1
0.2
0.3
0.4
0.5
Α, deg
G
O
-
O
O-O
30 40 50 60 70
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
Α, deg
G
X
-
X
X-X
30 40 50 60 70
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
Α, deg
G
X
-
O
X-O
Figure 9. Geometrical form factors GO−O, GX−X and GX−O = GO−X as a function of the launching angle α with respect to the
trap axis for pure NBI discharges in GDT. Set of similar curves corresponds to different on-axis plasma densities that varies from
0.8 · 1013 cm−3 to 1.4 · 1013 cm−3. Red curves correspond to the probe and receiving ports shifted by 30◦ in azimuthal direction as
shown in figure 3, black curves correspond to the probing and receiving at the same azimuthal position (plain geometry). Physically
allowed ranges of α are 30◦ − 50◦ for the O–O scattering, 20◦ − 45◦ for the X–X scattering, and 20◦ − 50◦ for the X–O scattering.
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Figure 10. Effective radiation temperature of the CTS signal
as a function of plasma density. Finite spread corresponds to
variation of the probe and receiving angles in a physically allowed
ranges, see Table 1. We assume S(k, ω) = 5 · 10−9 s and the
probe power P i = 400 kW at ωi/2pi = 54.5 GHz.
6. Absolute value of CTS signal
We analyze an absolute value of the CTS signal as given
by (2). The most variable part in this equation comes
from the dependence of the spectral density of plasma
fluctuations S(k, ω) over ω = ωs−ωi. This dependence
is well illustrated in figures 6 and 7. Below we discuss
how the vertical axes of these plots scale with other
plasma parameters.
The CTS signal is conventionally characterized in
terms of the effective radiation temperature,
TCTS/2pi = dP
s/dω. (11)
To avoid fast variation of TCTS with ω, we assume a
characteristic value S ≈ 5 ·10−9 s while calculating (2).
All other terms may be calculated with ray-tracing as
discussed in the previous section. The final result of
searching in the allowed parameter range is presented
in figure 10.
The expected level of the CTS signal is of 100–500
eV in 300 MHz frequency band or, equivalently, power
of 5–25 nW at the receiver input. These are rather high
values compared to toroidal fusion experiments; we see
at least two reasons of such difference. First, as already
mentioned in the Introduction, the GDT experiment is
characterized by essentially higher densities of explored
fast ions compared to most experiments in toroidal
devices. The second reason is lower frequency of the
probe radiation. One finds that TCTS ∝ S/(kiks) from
(2) and the scattering function scales approximately as
S ∝ 1/k, e.g., from (6) and neglecting the variation
over difference frequency ω = ωs − ωi. Then, noting
that k, ki, ks ∝ ωi, we derive TCTS ∝ (ωi)−3. So,
while we consider probing at approximately 55 GHz,
modern ECRH systems of tokamaks and stellarators
are usually operated at 110–170 GHz (any frequency
below requires a dedicated gyrotron, like the one for
the ITER project). This gives us a benefit factor from
10 to 30.
Note that the CTS volume is located far from
the electron cyclotron-resonance at the fundamental
harmonic, approximately near the 6-th cyclotron
harmonic. With the electron temperature of 200–
600 eV, the electron-cyclotron emission is virtually
negligible, about 10−6 TCTS due to transport of
radiation at the fundamental harmonic.
The main sources of noise in the proposed
diagnostic come from the receiver itself and from the
gyrotron used as a source of probe radiation. Although
we do not discuss here hardware implementation, we
mention that the receiver developed for the CTS
diagnostics has noise less than 1 eV. Thus we expect
a good signal-to-noise ratio (SNR) in CTS spectra
with required frequency resolution about 5 MHz even
for a strongly non-stationary GDT plasma with a
characteristic time of ∼ 1 ms. As in all other CTS
experiments, the receiver must be secured from high-
power radiation of a probe gyrotron with a dedicated
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rejection filter (notch-filter). Measurements for the
present GDT ECRH system reveal that the gyrotron
frequency oscillates during a plasma shot with an
amplitude of about 5 MHz: these oscillation caused
by the existing power supply and, in principle, may
be further reduced. These oscillations give us a
minimal spectral width of the notch-filter. To be
safe and to provide a possibility of operation with
two gyrotrons, one for probing and one for plasma
heating, we currently consider a multicavity notch-
filter providing at least 40 dB at ∆f < 25 MHz
similar to the one described in [46]. Another possible
source that may effect SNR comes from a gyrotron
noise spectrum out of the main generation line but
in the CTS band [47]; this issue requires additional
experimental investigations.
7. Summary
The aim of this work is to identify the conditions under
which a collective Thomson scattering experiment
with available 54.5 GHz gyrotron source can, in
principle, provide useful information about the fast
ion particle velocity distribution in GDT. We find
that it is possible with quite modest hardware
requirements when operating in central regions of the
trap characterized by low cyclotron plasma emission.
The design of components for the CTS diagnostic
is now in progress. Compared to well developed
experiment in toroidal devices, we have two factors
that eventually simplify the diagnostic: much higher
relative density of explored fast ions and lower
frequency of the probe radiation that increases the
scattering efficiency. On the other hand, GDT
discharge is short-time (5 − 10 ms) and essentially
nonstationary; so there is a limited possibility to collect
the CTS signal in order to improve sensitivity, a usual
technique in big toroidal machines.
Although we do not present here a comparison
to only competing radiation source based on CO2-
laser, a similar research for ITER shows the preference
for the gyrotron source [17]. At 10.6 nm, the
CTS spectrum changes very rapidly with angle, only
small-angle scattering can be used. In contrast, at
gyrotron frequencies, much larger scattering angles are
available, the spectra change slowly with angle, and
reasonably large collection solid angles granting the
Salpeter condition can be used. These benefits are fully
exploited in our project.
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